We present observations of disc-bearing stars in Upper Scorpius (US) and Upper Centaurus-Lupus (UCL) with moderate resolution spectroscopy in order to determine the influence of multiplicity on disc persistence after ∼ 5−20 Myr. Discs were identified using infra-red (IR) excess from the Wide-field Infra-red Survey Explorer (WISE) survey. Our survey consists of 55 US members and 28 UCL members, using spatial and kinematic information to assign a probability of membership. Spectra are gathered from the ANU 2.3m telescope using the Wide Field Spectrograph (WiFeS) to detect radial velocity variations that indicate the presence of a companion. We identify 2 double-lined spectroscopic binaries, both of which have strong IR excess. We find the binary fraction of disc-bearing stars in US and UCL for periods up to 20 years to be 0.06 0.07 0.02 and 0.13 0.06 0.03 respectively. Based on the multiplicity of field stars, we obtain an expected binary fraction of ∼ 0.12 0.02 0.01 . The determined binary fractions for discbearing stars does not vary significantly from the field, suggesting that the overall lifetime of discs may not differ between single and binary star systems.
INTRODUCTION
In the age of Kepler and other planet finding surveys a number of planets have been discovered around binary star systems. Some of these planets are in S-Type orbits where the planet orbits one star in the binary system (e.g. γ Cephei Ab (Neuhäuser et al. 2007 ) and HD 196885 Ab (Chauvin et al. 2007) ) and others are in P-Type, or circumbinary orbits, where the planet orbits both stars (e.g. Kepler-47b and c (Orosz et al. 2012) , PH-1 (Schwamb et al. 2013 ) and ROXs 42Bb (Kraus et al. 2014) ). When considering planet formation, current models mostly focus on single star systems. This picture is, however, insufficient, given that a large fraction of stars are in binary star systems (Raghavan et al. 2010) and therefore a complete understanding of planet formation must take these environments into account.
Current planet occurrence rates around binary stars show that the frequency drops for systems with separations a ∼ 40 AU (Kraus et al. 2016) , which might indicate that it is difficult for planets to form around binaries of this separation. Could this be because the disc material from which the planets would form is destroyed faster in binary star systems than around single stars? There are various mechanisms that contribute to the dispersal of protoplanetary discs such as accretion, photo-evaporation and outflows. How these mechanisms change and affect the discs in binary star systems has been investigated using simulations (e.g. Artymowicz & Lubow 1994; Kuruwita et al. 2017 ) which find that circumstellar discs are truncated to r disc ∼ a/3 and outflows from binary star systems are less efficient at carrying away mass and momentum compared to single star counterparts. Harris et al. (2012) and Cox et al. (2017) found that circumstellar discs in binaries were smaller and fainter, suggesting that they may be dispersed faster. On the surface it seems that discs have a shorter lifetime around stars in binary systems, and as a result shorten the time in which planets may form. However, they also found that circumbinary discs have at least an order of magnitude higher millimetre flux densities compared to circumstellar discs around binaries of the same separation, suggesting they are larger and have more material in the circumbinary disc to form planets. There is also a handful of other considerably old circumbinary discs (e.g. AK Sco (18 ± 1 Myr, Czekala et al. 2015) , HD 98800 B (10 ± 5 Myr, Furlan et al. 2007 ), V4046 Sgr (12-23 Myr, Rapson et al. 2015) and St 34 (also known as HBC 425, ∼25 Myr, Hartmann et al. 2005) compared to the typical lifetime of protoplanetary discs of 3 Myr (Haisch et al. 2001; Mamajek 2009 ). If circumbinary discs always have a significantly longer lifetime than discs around single stars, it would provide a greater opportunity for planets to form in these systems.
In this work we aim to determine what fraction of disc-bearing stars are in binary star systems in the OB associations Upper Scorpius (US) and Upper CentaurusLupus (UCL). These OB associations are part of the larger Scorpius-Centaurus-Lupus-Crux (Sco-Cen) association which is the nearest region of recent massive star formation at a distance of ∼ 140 pc (Zeeuw et al. 1999) . The subgroups of the Sco-Cen association show a well known age gradient from ∼ 5 Myr at high galactic latitudes to ∼ 26 Myr in the galactic plane (Pecaut & Mamajek 2016) , making this region an ideal place to study evolution of pre-main sequence stars and protoplanetary discs. The ages of US and UCL sub-groups in the Sco-Cen association are ∼11 Myr (Pecaut et al. 2012 ) and ∼17 Myr (Mamajek et al. 2002) respectively. These regions are expected to have ∼ 10 4 G/K/M pre-main sequence stars based on any IMF. Many studies have looked to discover and characterise this low mass population (e.g. Zeeuw et al. 1999; Preibisch & Zinnecker 1999; Mamajek et al. 2002; Rizzuto et al. 2011 Rizzuto et al. , 2015 . Previous work on the presence of discs around these members (Luhman & Mamajek 2012; Rizzuto et al. 2012; Pecaut & Mamajek 2016) show a general increase in disc fraction with later spectral types. This is consistent with previous studies showing that protoplanetary disc lifetime is short around higher mass stars (Ribas et al. 2015) . However, none of these works investigated the binary fraction of these disc-bearing members. Work on binary fractions in the Sco-Cen region have primarily focused on the the higher mass B/A/F stars (Kouwenhoven et al. 2005 (Kouwenhoven et al. , 2007 finding binary fractions of > 70%.
In order to investigate the influence of binarity on disc lifetime, we look for radial velocity variation in selected discbearing stars in US and UCL to determine the binary fraction. The Upper Scorpius and Upper Centaurus-Lupus regions are relatively old considering the typical protoplanetary disc lifetime, but it is at these older ages that we believe any variation in disc fractions between single and binary stars would be amplified. Section 2 describes identification of US and UCL members, the target selection criteria, observations and how radial velocities are determined. In Section 3 we discuss our estimated binary fractions and Bayesian analysis. In Section 4 we discuss our results and caveats of our work.
METHOD AND OBSERVATIONS
Section 2.1 and 2.2 describe how the targets for our survey are selected. The observations and instrument specifications are detailed in Section 2.3. Section 2.3.3 describes how radial velocities are obtained from the observations.
Upper Scorpius and Upper Centaurus-Lupus membership probability
We selected candidate Upper Scorpius and Upper Centaurus-Lupus members using kinematic and photometric data from UCAC4, 2MASS, USNO-B and APASS (Zacharias et al. 2013; Skrutskie et al. 2006; Monet et al. 2003; Henden et al. 2012 ) using the Bayesian membership selection method of Rizzuto et al. (2011) and Rizzuto et al. (2015) , which uses kinematic and spatial information to assign membership probabilities. We took the proper motions from the UCAC4 catalogue (Zacharias et al. 2013 ) and photometry from 2MASS and APASS (Skrutskie et al. 2006; Henden et al. 2012 , summarised in Table A1) , and used the photometry and a 15 Myr pre-main sequence isochrone (Siess et al. 2000) to estimate each candidate members distance. We then treated the proper-motion and estimated distance together to calculate the membership probability by comparing to both the model association velocity (Rizzuto et al. 2011 ) and Galactic thin disc velocity distributions (Robin et al. 2003) . This selection was magnitude limited, and covered all stars in the UCAC4 catalogue with 10 < V < 16, and comprised of several thousand candidate members with membership probability greater than 25%. These candidates were then searched for disc-indicating IR excesses at 12 and 24 um (see Section 2.2). While a purely kinematic selection on the UCAC4 proper motions and photometric distances alone would not be sufficient to assign membership to G,K and M-type stars, in combination with an infrared excess indicating the presence of a primordial or debris circumstellar disc these members can be considered robust.
IR excess to identify discs
Discs around young stars are often identified with IR observations, as an excess emission at these wavelengths can be detected when compared with the expected stellar photosphere flux of the star alone. The wavelength of IR emission correlates with the distance from the central star/stars with shorter wavelength emission originating at smaller radii and longer wavelengths originating from larger radii. This is due to the thermal profile of the discs (Lada & Wilking 1984) . The Wide-field Infra-red Survey Explorer (WISE) telescope carried out an all-sky survey in 4 wavelength bands: W1 (3.4 µm), W2 (4.6 µm), W3 (12 µm) and W4 (22 µm) (Wright et al. 2010) . We cross-matched our objects with WISE IR objects from the AllWISE Source Catalogue. IR excesses in the W2 and W3 bands can indicate the presence of an inner disc and excess in the W4 band would indicate the presence of a colder outer disc. An excess is determined relative to the 2MASS (Skrutskie et al. 2006 ) K-band magnitude. The expected K − W 4 colours based on photospheric sequence of stars without discs is taken to be (K − W 4) = 2.08(J − K) − 0.48, where the J and K magnitudes are taken from the 2MASS catalogue (Rizzuto et al. 2015 ). An object is taken to have an excess if the K − W 4 colour is at least 3σ greater than the expected value. These colours are plotted for our targets in Figure 1 and their W4 magnitudes are tabulated in Table A1. IR excess is searched for in our target members of Upper Scorpius and Upper Centaurus-Lupus. These targets were visually inspected on the IRSA WISE image service to check for obscuration by a cloud or contamination by a nearby IR bright object. Some objects were discarded and the final survey used 55 US targets and 28 of UCL targets were found to exhibit IR excesses. The targets are plotted in a colour-magnitude diagram against other known ScorpioCentaurus members in Figure 2 . The color-magnitude diagram is produced using magnitudes from Gaia (Gaia Col- Herbig & Bell (1988) ; Vieira et al. (2003) . The targets observed in our work is shown in red. laboration et al. 2016, 2018) and summarised in Table A1 . This shows that our targets are likely to be members of the Sco-Cen star forming region. The positions of our targets are also plotted in Figure 3 and are summarised in Table A2 . Our targets have large angular separations from the Lupus star-forming clouds. Therefore we believe it is unlikely that we have interlopers from this significantly younger association in our sample. After our disc-bearing targets had been identified they were observed to search for radial velocity (RV) variation which may indicate the presences of a companion.
Spectroscopic observations to obtain radial velocities

WiFeS observations
To obtain spectroscopic data to determine the radial velocities of our targets, we used the Wide Field Spectrograph (WiFeS) (Dopita et al. 2007) . WiFeS is an integral field spectrograph on the Australian National University 2.3m Telescope at Siding Spring Observatory. We use this instrument to search for radial velocity variation over time for our targets. The instrument consists of a blue camera with spectral range 329 − 558 nm and red camera with spectral range 529 − 912 nm. Data for our targets was collected from June of 2013 to July of 2017. Our observations include Ne-Ar arc exposures every 15-30 minutes to characterise the wavelength scale variation of the instrument over the night due to temperature fluctuations. The WiFeS R ∼ 7000 grating is used to perform radial velocity measurements. We observe radial velocity standards with well characterised velocities of various spectral types. Radial velocity standards are selected from Nidever et al. (2002) and Soubiran et al. (2013) (detailed in Table 1 ). Observations of radial velocity standards are bracketed by arc lamp exposures and further correction to the calibrations is applied using oxygen B-band atmospheric absorption lines (static with respect to the observer). The calibration using the oxygen B-band lines is dependent on stellar type and signal-to-noise of each individual target. Data are reduced using the PyWiFeS pipeline 1 (Childress et al. 2013 ).
Radial velocity precision based on RV standards
Radial velocity standards of spectral types varying from G1 through to M3.5 (see Table 1 ) were observed with WiFeS to create spectral templates. These templates are crosscorrelated with our targets to determine their radial velocity using the post-processing tools developed for WiFeS 2 . Obtained radial velocities are correct to be in heliocentric velocity frame.
The radial velocity standards were observed using the settings described in Section 2.3. After the observations of the RV standards were reduced, their wavelength scale was shifted to the rest frame. This product was used as the template from which the radial velocity of the targets is obtained. Figure 3 . A map of the candidate disc-bearing stars in Upper Scorpius (US, the blue markers) and Upper Centaurus-Lupus (UCL, the red markers) that we consider in this study. The background image is an extinction map compiled by Schlafly et al. (2014) . The triangle markers indicate objects that we believe to be binary star systems because they have Bayes factor (described by Equation 7 in Section 3.2) greater than 300. The circled triangles highlight two double-lined spectroscopic binaries found in this work (described in Section 2.3.3)
Tests of retrieving the radial velocity of the RV standards after creating templates of the observed spectra were run. This was done by cross-correlating the reduced spectra of the observed RV standards with created templates, ensuring that the standard was not cross-correlated with itself. We found that the retrieved radial velocities had a relatively large spread from the actual radial velocity of the RV standards with standard deviation of 3.0 km/s (top panel of Figure 4) . We believe this is because the WiFeS instrument may vary on a shorter time-scale than 15-30 minutes. The wavelength scale solution is the linear interpolation between that derived from nearby arcs, as done by the PyWiFeS pipeline, was therefore not accurate enough for the purposes of our work.
In order to improve our radial velocity precision we use the oxygen B-band atmospheric absorption lines and sky emission. Using the oxygen B-band absorption lines we could determine the offset from the wavelength solution derived from PyWiFeS. The precision of retrieving the radial velocity of the RV standards with the added correction from the B-band is shown in the middle panel of Figure 4 . We see that the precision is increased significantly for the G standards, but is decreased for K and M standards. This is not surprising as K and M type stars have emission in the wavelength region of the oxygen B-band absorption, which makes it difficult to determine a velocity. The overall standard deviation of the precision when applying the correction from the B-band absorption reduced to 0.7 km/s.
In addition to using oxygen B-Band absorption lines to improve radial velocity precision, emission from skylines was also tested. This proved to not be useful because the RV standards are very bright, therefore not enough signalto-noise is obtained to confidently retrieve a radial velocity. Davison et al. (2015) . The approximate masses are derived from the Baraffe et al. (2015) premain sequence evolution models based on spectral type at age log 10 (tage) ∼ 7.1. Based on the results of this investigation, we decided to only apply calibrations to the G type RV standards by correcting the radial velocity from the shift measured in the B-band absorption. The resulting precision is shown in the bottom panel of Figure 4 . The overall standard deviation of the precision using this combination of velocity calibrations is 0.9 km/s, which is a slight increase from applying the B-band absorption correction to all RV standards, but the standard deviation per spectral type is improved. The standard deviation per spectral type is summarised in Table  2 . . Precision in retrieving the radial velocity of RV standards. ∆vr is the difference between the radial velocity of the RV standard and the retrieved radial velocity using our pipeline. The blue, green, red and magenta histograms show the precision of the G-, K-and M-type RV standards respectively. Top: precision when only using the wavelength solutions produced by linear interpolation between arcs (as produced by PyWiFeS). Middle: precision when the oxygen B-band absorption lines are also used to further calibrate the wavelength scale. Bottom: precision when the oxygen B-band absorption lines are only used for further calibration on the G-type RV standards.
Obtaining radial velocity of targets
To obtain the radial velocity of our targets, observations are cross-correlated with all the RV standards in an initial step. In order to cross-correlate the target spectra with the template spectra the Hα region had to be masked out as most of our targets have strong Hα emission (discussed further in Section 2.4). Each object is then set a preferred RV standard template to make sure all epochs are cross-correlated with the same template. In the initial step an object will mostly cross-correlate the best with the same template over all epochs or with templates of similar spectral type. An object's preferred template is the template that it correlates the best with over most of the epochs. . Radial velocity variation distributions for observed objects calculated as the difference between the radial velocity of the objects last, nth, epoch (vr,n) and the objects mean radial velocity over all epochs (< vr >). Top: shows the distribution without correction from the absorption lines. The full-width-halfmaximum of the fitted gaussian is 3.40 km/s. Bottom: shows the radial velocity variation with the added correction from the absorption lines. The full-width-half-maximum of the fitted gaussian is 2.37 km/s
After a preferred template is selected, radial velocities are determined again, with all epochs cross-correlating with the same template. Correction using the oxygen B-band absorption is also applied to the obtained radial velocities. The added correction from the absorption lines does show an improvement on the radial velocities precision. When plotting a histogram of radial velocity variation, we expect a large fraction of objects to possess a variation near 0 km/s, which are the objects that are single stars. From our observations, the radial velocity variation is taken to be the difference between the objects last, nth, epoch (vr,n) and the objects mean radial velocity over all epochs (< vr >), i.e. ∆vr = vr,n− < vr > .
(
A histogram of radial velocity variation for our targets is shown in Figure 5 . The full-width-half-maximum (FWHM) of this histogram can be taken as a precision of the radial velocity measurements. We see that the reduces from 3.40 km/s to 2.37 km/s when corrections using the oxygen B-band absorption is applied ( Figure 5) .
We identify two double-lined spectroscopic binaries (SB2s). RIK-96 is found in Upper Scorpius and UCAC4- 161328427 in Upper Centaurus-Lupus. Cross-correlations at two epochs for each of the SB2s are shown in Figure 6 . Both objects show very strong IR excesses, which likely indicate the presences of a large circumbinary disc. We carried out two dimensional cross-correlations with templates for these objects to estimate the spectral type and flux ratio of the components. We find for RIK-96 the primary and secondary to be of spectral type M1.5 and M2.5 respectively, with a flux ratio of ∼ 0.71. We find for UCAC4-161328427 that both components fit best to M2.5 templates, with a flux ratio of ∼ 0.98. Information about these two objects is summarised in Table 3 .
Hα as a youth indicator
As mentioned in Section 2.3.3 the observed targets showed Hα emission that hindered cross-correlations with template spectra. The Hα emission is believed to be caused by accretion of disc material onto the stars. In Figure 7 , we display the measured Hα equivalent widths for the targets. The majority of the targets members show some level, of Hα emission, with a clear sequence of increasing emission with spectral type. Rizzuto et al. (2015) uses the combination of lithium and Hα emission as indicator of youth for the identified RIK objects. Of our 55 US and 28 UCL targets, ∼ 82% and ∼ 70% show Hα emission with (EW(Hα) < −1Å). Of the members that do not show or show weak Hα emission, most are earlier than M0 spectral type based on the template spectra used for cross-correlation.
RESULTS AND STATISTICAL ANALYSIS
Using a hard cut of 5σ significance on the radial velocity variation for the fraction of binaries in Upper Scorpius and Upper Centaurus-Lupus we get 15% and 10% respectively. The fractions produced from this criterion only find the closest binaries, which produce the greatest radial velocity variation. In order to better characterise the binaries that we do not detect we must use Bayesian statistics to explore the parameter space.
Simulating Systems
The radial velocity (vr) of the primary star in a binary system can be described by:
where K is a constant described below, ω is the longitude of periastron, Ω is the position angle of the line of nodes, e is the eccentricity of the system and vsys is the system velocity. K is described by:
where P is the period of the system, a1 is the semi-major axis of the primary star from the barycentre of the system and i is the inclination of the binary. a1 for a system can be calculated for a binary when the period and component masses are known. From the primary mass and mass ratio, the semi-major axis can be determined from Kepler's third law:
where a is the semi-major axis of the system, M1 is the mass of the primary star and q is the mass ratio between the secondary and primary components, i.e. q = M2/M1. From the binary mass function the semi-major axis of the primary component can be determined from:
In our Bayesian analysis, we simulate radial velocity curves using ω, Ω, i, e, P , T0, vsys, Mp and q sampled from appropriate parameter spaces described in the next section.
Bayesian Statistics
Some of these priors are independent from the physical characteristics of the system, such as ω, Ω and i, therefore the parameter space from which these quantities are sampled is the same for all objects. The parameter spaces that the period, time of periastron passage and eccentricity are sampled from also remain the same for all objects because these quantities directly influence the shape of the radial velocity curve. The parameter space sampled for the system velocity is dependent on the observed radial velocities, therefore this space is redefined for each object, as described in Section 3.3. Initially all random orbits are given an amplitude of 1 km/s, but this is scaled when considering the possible mass of the primary star and the mass ratios. For each object ω, Ω, i, P , T0, e and vsys are sampled 10 5 times to produce radial velocity curves with normalised amplitudes. Then for each of these orbits Mp and q are sampled 10 2 times to scale these normalised radial velocity curves. The parameter space that the primary mass is sampled is dependent on the template that the object cross-correlates with. The parameter space that the mass ratio is sampled from is the same for all objects. Once a radial velocity curve is simulated, a likelihood of fit is calculated for each simulated orbit given by:
where v r,obs is the observed radial velocity, vr,sim is the simulated radial velocity, and σ obs is the error on the measured radial velocity. The error of the measured radial velocity is the error derived from the cross-correlation, the error from the precision of the template used and a standard astrophysical error added in quadrature. The standard astrophysical error accounts for variations caused by stellar activity or rotation and is set to 1 km/s. Our results are shown not to vary significantly for an astrophysical error over the range of 0.5 − 2.0 km/s. The error on the precision of the RV standard template is taken from Table 2 .
Likelihoods are also calculated for fitting a single star i.e. a constant radial velocity. The velocity for a single star fit is taken to be the system velocity (vsys) that is sampled for the simulated binary star orbit.
After all the radial velocity curves for the simulated orbits have likelihoods calculated, we calculate the mean likelihood of the data given our two models, P (D|S) and P (D|B). From these, the Bayes factor is calculated, which is given by:
From this we see that the Bayes factor is simply the ratio of the mean likelihoods of being a binary star to a being a single star. A binary model is preferred if Υ 1 and a single star model is preferred if Υ 1. Where Υ ≈ 1, either model is equally probable. We take objects with Bayes factors > 300 to be binary stars as this is near the 3σ confidence level assuming a Gaussian probability distribution. Using this threshold we find five objects to be binary stars, including the two double-lined binaries shown in Figure 6 and listed in Table 3 . The Bayes factors for every target can be found in Table A2 Once the Bayes factor is calculated for each target we calculate the binary fraction. The likelihood of being a binary or multiple star system, P (B), is complimentary to the likelihood of being a single star, P (S). Therefore, if we take the likelihood of being a binary to be γ, then P (B) = γ and P (S) = 1 − γ. This is described statistically like a Bernoulli trial. The Jeffreys' prior to this case states that the probability of γ can be described by:
We are trying to find what the probability density function of γ is for Upper Scorpius and Upper Centaurus-Lupus. Following Bayes' Theorem, the probability of γ given our data is:
We can expand out the probability of the data given γ, P (D|γ), into constituents of the probability of being a single or binary star given γ, P (S|γ) and P (B|γ) respectively, giving:
As γ is defined as the multiplicity, P (B|γ) ≡ γ and P (S|γ) ≡ 1 − γ as described previously. This gives us:
We can express Equation 11 in terms of our Bayes' factor, which we calculate from our observations. The probably of γ given the data is now:
Or to simplify:
Where P (γ) is our prior on the probability distribution of the binary fraction. Our initial guess is that the probability distributions of γ is uniform, meaning that every possible binary fraction is equally likely. This prior is updated with the Bayes' factor of each object. For the first object, the probability of γ given the data is:
Where P (γ)0 is our initial guess of a uniform distribution. This is saying that we believe this object has an equal probability of being a single or binary star and it is updated with the Bayes factor of the first object. This updated prior becomes the prior for the next object. Expanding this to nobjects we get:
Bayesian priors
The priors for our Bayesian analysis are summarised in Table  4 . ω, Ω and i are all independent of physical characteristics of the binary star system. These quantities account for projection effects on the observed radial velocity and may have any orientation, i.e. are isotropic. We sample inclination i from a distribution proportional to sin(i), and sample the position angle of the line of nodes, Ω, and longitude of periastron, ω, from 0
• to 360
• in order to uniformly sample the three-dimensional orientation of orbits.
The eccentricity of an object may be e = 0 for a circular orbit, up to e = 1 for a parabolic orbit. We sample the eccentricity from a uniform distribution as Raghavan et al. (2010) find that eccentricity follows a mostly uniform distribution up to e = 0.6. The lower bound for our eccentricity parameter space is e = 0 and the upper bound is e = 0.95.
The largest baseline our observations have is ∼4 yrs. With this baseline we take the largest binary orbital period that we should be able to detect to be 7300 days or ∼20 yrs. We take the shortest possible period to be 1 day. The periods are sampled from a log-normal distribution with a mean of µP = 5.03 and standard deviation σP = 2.28 as found by Raghavan et al. (2010) . The time of periastron passage, T0, is essentially the phase of the radial velocity curve and is dependent on the period. All values of T0 are equally likely, so this value is sampled from a uniform distribution from 0 days to P in days.
We aim to marginalise our probability distributions over all possible values of the centre of mass velocity, because the dispersion of velocities within our association is larger than our typical velocity precision. For computational speed, we only sample values of vsys from a normal distribution centred on the mean radial velocity over all epochs of an object and with a standard deviation of 4 km/s (larger than our typical uncertainties). Sampling from a wider distribution would lower both the single and binary star probabilities roughly equally and would not noticeably affect our results.
It is reasonable to assume that the best fitting spectral template corresponds to the brighter component of a binary star system. From this assumption we sample the mass of the primary, Mp, based on the template that was used to derive radial velocities. The typical mass of a main sequence star for the spectral type of the template is used as a guide for Mp. The typical spectral type mass for each template can be found in Table 1 . Mp is sampled from a uniform distribution with lower and upper bounds being ±10% of the typical mass of the template. The mass ratio, q, is sampled from a uniform distribution as this is what observations have shown (Raghavan et al. 2010 ). For our work we set a minimum mass ratio of q = 0.05.
When carrying out this calculation for our objects in Upper Scorpius and Upper Centaurus-Lupus, we find that 
DISCUSSION
Binary fraction and implication on disc lifetime
From our work we find that approximately one fifth of discbearing stars of spectral types F and later in Upper Scorpius (US) and Upper Centaurus-Lupus (UCL) are in binary star systems with periods less than 20 years. Raghavan et al. (2010) find the multiplicity of ∼ 1.25 − 1.02 M stars to be 54% ± 4% and ∼ 1.02 − 0.78 M stars to be 41% ± 3%. Shan et al. (2017) find a raw multiplicity of ∼ 0.9 − 0.07 M dwarfs to be 35% ± 3%. From these multiplicities found in the literature and the masses of our targets (based on the template fitted to the target, see Section 2.3.3) we calculate an expectation value for the binary fraction based on the field population. Based on the templates fit to our targets we have 6 US and 4 UCL objects 1.02 M , 7 US and 8 UCL objects between 1.02−0.78 M and 42 US and 16 UCL objects below ∼ 0.78 M . Under the assumption that binary stars of all spectral types follow the same log-normal orbital period distribution as described by Raghavan et al. (2010) , we are able to detect up to 31% of all binary systems (because 31% of the log-normal period distribution is below a period of 20 years). Based on the binary fractions and the fraction of detectable binary star systems, we expect ∼1 US and UCL target 1.02 M , ∼1 US and UCL between 1.02 − 0.78 M targets, and 5 ± 0.5 of our US and ∼ 2 of our UCL objects below 0.78 M to be binaries. This gives a total expectation value of 7 ± 0.5 out of the 55 US targets and 3.5 ± 0.5 out of the 28 UCL targets to be binaries, or an expected fraction of ∼ 0.12 0.02 0.01 for both regions if they followed the same binary statistics as the field stars in Raghavan et al. (2010) . This is consistent with our fractions obtained from the Bayesian analysis.
Our results show that the binary fraction of our targets showing IR excess is tentatively consistent with the binary fraction of the general stellar population implying that the overall the lifetime of discs in binary star systems is comparable to single stars. Our work does not discriminate between circumbinary discs and circumstellar discs around individual components in a binary star system. There may be variations in disc lifetime depending on the configuration of the system. Damjanov et al. (2007) and Harris et al. (2012) find that binaries of separation ∼ < 30 AU have significantly smaller IR excess compared to other binary stars with discs, which may indicate that a close companion leads to faster disc dispersal. This is in contrast to many massive, bright circumbinary discs (Harris et al. 2012; Cox et al. 2017 ) which could indicate the opposite. A binary star has more angular momentum compared to a single star of the same total mass, so one would expect a binary star system to host a larger disc than it's single star counterpart. The primary of a binary star system would also accrete less rapidly than a single star of the combined mass of binary components, which would lead to a slower photo-evaporation process, leading towards a longer lifetime. Daemgen et al. (2016) find that the fraction of accretion discs around binary stars is a factor of ∼ 2 lower than accretion discs around single stars in the Chamaeleon I region. This may be because circumbinary discs have the gas evacuated from the inner region by a close companion, leading to lower accretion rates. This could contribute to circumbinary discs having a longer typical lifetime and explain some very old circumbinary discs. These various factors could average out over the long term leading to similar disc lifetimes in single star and binary star systems.
Caveats
In this work we use Bayesian statistics to account for the limited set of observations on this study. As such, we must discuss some of the caveats associated with our conclusions.
Only the two double-lined spectroscopic binaries presented in Figure 6 can be conclusively identified as binaries. For the remainder of our objects, binarity is determined from a combination of a detected radial velocity variation and Monte-Carlo simulations. This is because no single object has had a sufficient number of radial velocity observations to resolve a full orbit, with only 2-7 epochs, with a median of 4 epochs per target.
Additionally, given we have only two conclusively identified binary systems, our work gives a raw binary fraction which is consistent with no multiplicity in the sample. Therefore, the suggestion that discs in binary star systems are heavily hindered leading to the quick dispersal of discs in binaries of periods up to 20 years is also valid based on our data.
The 22µm emission detected by the WISE W4 band traces disc emission out to a few AU, whereas millimetre surveys from Harris et al. (2012) and Cox et al. (2017) trace regions that are further out. This makes comparison with previous work difficult as the infrared emission measured in this work probes a different region of the IR spectrum. Our work looks at the survival time of the inner region of discs, which may be truncated in circumbinary discs. But these same circumbinary discs would, nevertheless, exhibit millimetre emission.
Our target sample is also biased against massive stars (i.e. greater than ∼ 1.4 M ). This is mainly due to a lack of absorption lines needed for precise cross-correlation with a template. This may be problematic in the context of determining multiplicity as many surveys (Raghavan et al. 2010) show that multiplicity increases with primary star mass. But the overall multiplicity of disc-bearing objects would be more sensitive to the initial mass function used and the populations of lower-mass stars. Therefore we believe that excluding massive stars is unlikely to change our results significantly.
SUMMARY AND CONCLUSION
We determine the multiplicity of disc-bearing stars in the ∼11 Myr Upper Scorpius (US) and ∼17 Myr Upper Centaurus-Lupus (UCL) for periods up to 20 years. Our sample consists of 55 US members and 38 UCL members that are shown to have an IR excess, indicating the presence of a disc. Targets are observed with the Wide Field Spectrograph (WiFeS) on the Australian National University 2.3m telescope to search for radial velocity variation.
Using Bayesian statistics we determine the binary fraction of our disc-bearing stars in Upper Scorpius and Upper Centaurus-Lupus to be 0.06 0.01 based on our observational limits and the multiplicity of field stars, these results are consistent with disc lifetime around binary stars being similar to single stars. This implies that planet formation is equally likely around binary stars as around single stars. 2.3m telescope on proposals 1150125, 2150198, 3150150, 1160210, 2160158, 2160114, 3160154 and 2170107 . We acknowledge the traditional owners of the land on which the ANU 2.3m telescope stands, the Gamilaraay people, and pay our respects to elders, past and present. This research has made use of the AllWISE Source Catalog created from NASA/IPAC Infra-red Science Archive, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. M.I. thanks the Australian Research Council for grant FT130100235. C.F. gratefully acknowledges funding provided by the Australian Research Council's Discovery Projects (grants DP150104329 and DP170100603) and by the Australia-Germany Joint Research Co-operation Scheme (UA-DAAD). Bayesian calculations were carried out on high performance computing resources provided by the Leibniz Rechenzentrum and the Gauss Centre for Supercomputing (grants pr32lo, pr48pi and GCS Large-scale project 10391), the Partnership for Advanced Computing in Europe (PRACE grant pr89mu), the Australian National Computational Infrastructure (grant ek9), and the Pawsey Supercomputing Centre with funding from the Australian Government and the Government of Western Australia, in the framework of the National Computational Merit Allocation Scheme and the ANU Allocation Scheme. Table A2 . Full list of objects observed in this survey. P(M) indicates the probability of membership to the listed region, based on Rizzuto et al. (2015) which uses proper motion and Bayesian analysis to determine a probability. An object has is given the label: N Obs lists the number of observations obtained over the course of this survey. Temp. SpT. lists the spectral type of preferred template used to obtain radial velocities (see Section 2.3.3).< vr > is the mean radial velocity over all epochs. ∆vr is the radial velocity variation taken to be the difference between epochs with the highest and lowest radial velocity. The Bayes' factor calculated from the Bayesian analysis described in Section 3.3. is the ratio of likelihoods of being a binary star to being a single star. 
